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Introduction
Severe osteoarthritis (OA) of the ankle joint constitutes an important social problem. It results in functional disturbances and in compensation of irregularities, which are more pronounced while moving and standing. [1] [2] [3] [4] [5] This leads to poorer functioning of the lower limb, lower muscle strength, deterioration in gait efficiency, and reduced mobility of joints, which reduces the physical activity and participation in sports. [1] [2] [3] [4] [5] Ankle arthrodesis has been the gold standard operative treatment for end-stage ankle arthritis. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Ankle arthrodesis can be achieved by external fixation or internal fixation. [6] [7] [8] [11] [12] [13] [16] [17] [18] [19] [20] An operation is effective when it reduces pain and improves the function of the limb. 1, 2, 11, 20, 21 Nowadays, patients tend to quickly return to work, independence and sports activities. 3, 4 Ankle arthrodesis may be associated with a reduction in physical activity and sport after surgery. [2] [3] [4] [5] An optimal method for ankle arthrodesis should provide a good functional outcome and should enable the patient to be involved in sports and other forms of physical activity to the same or even a greater extent than prior to the procedure. [1] [2] [3] [4] [5] All of the studies report sports and physical activity levels separately for each of the 2 ankle arthrodesis procedures: Ilizarov fixation and internal fixation. 2, 4, 5 There is no study in the literature comparing sport and physical activity level with the GRIMBY scale, the LOWER LIMB Activity scale, the UCLA (University of California Los Angeles) activity scale, the VAS (visual analogue scale) ACTIVITY scale, and the FAAM (foot and ankle ability measure) SPORT scale in both groups with Ilizarov fixation and internal fixation of ankle arthrodesis.
We hypothesized that the type of ankle arthrodesis stabilization does not affect sports and physical activity levels. Our objective was to verify whether the type of ankle joint arthrodesis stabilization affected sports and physical activity levels.
Material and methods
We carried out a retrospective clinical study of all 55 patients who had undergone ankle arthrodesis with Ilizarov external fixator stabilization (Group 1) or internal stabilization with screws (Group 2) at Orthopaedic Clinic at the Wroclaw Medical University, Poland, from 2007 to 2015. The indications of ankle arthrodesis included severe primary or secondary (post-traumatic, neurogenic, rheumatoid, or congenital) degenerative/deforming changes of the ankle joint. 22 Patients were subjected to ankle arthrodesis with either external Ilizarov fixation or internal fixation with cannulated screws. Individuals with a poor status of the soft tissues (necrosis, inflammation, fistulas, trophic changes, scars, vascular lesions, skin lesions, or ulcers) or bones (osteoporotic, bone loss or infections), severe deformities (>15° in 1 axis or multiplanar deformities), or infection were always qualified for ankle arthrodesis with Ilizarov fixation. The remaining patients were subjected to ankle arthrodesis with either external Ilizarov fixation or internal fixation with cannulated screws. We preferred ankle arthrodesis with internal fixation in patients with a good status of the soft tissues and bones, deformities <5° and without any concomitant disease which prevented immobilization in a plaster cast, and in patients who cooperated with restricted limb weight bearing just after the surgery. 22 The criteria for inclusion in the study consisted of: performance of ankle arthrodesis with Ilizarov external fixator stabilization or internal stabilization with cannulated screws; more than 24 months from the conclusion of the treatment; the presence of baseline values of ankle pathology etiology and demographic data in medical records; and the presence of preoperative and postoperative sport and physical activity level scores (the GRIMBY scale, the LOWER LIMB Activity scale, the UCLA activity scale, the VAS ACTIVITY scale, and the FAAM SPORT scale).
The exclusion criteria consisted of: ankle arthrodesis without Ilizarov external fixator stabilization or internal stabilization with cannulated screws; a lack of baseline values of ankle pathology etiology and/or demographic data in medical records; a lack of preoperative and postoperative sport and physical activity level scores; a follow-up period shorter than 24 months; Charcot neuroarthropathy; multiple joint or bilateral ankle injuries; and undergoing associated procedures during surgical intervention.
Patients were included in the study based on medical history, medical record analysis performed before and after treatment, and physical examination. The participants were informed about the voluntary nature of the study and they gave their consent to participate in the study. In the case of minors, consent was given by their legal guardians. The study was approved by the Wroclaw Medical University Bioethics Commission.
Between 2007 and 2015, 55 patients underwent ankle arthrodesis. Of these, 24 were treated with an Ilizarov device and 31 with internal fixation (screws). In the Ilizarov group, 1 patient (4%) was lost to follow-up during the 2 years, 1 (4%) was not included because of missing data in the patient's records and 1 (4%) was excluded because of neuropathic arthropathy, bilateral ankle injuries or associated ankle procedures at the time of the arthrodesis, leaving a total of 21 patients for analysis. In the internal fixation group, 2 patients were lost to follow-up during the 24 months (6%), 2 (6%) were not included because of missing data in their records and 1 (3%) was excluded because of neuropathic arthropathy, bilateral ankle injuries or associated ankle procedures at the time of the arthrodesis, leaving a total of 26 patients for analysis.
All patients were given perioperative antibiotics and were placed in a supine position; then a tourniquet was applied (320 mm Hg). An anterior approach centered over the ankle joint was used for ankle joint fusion. An Ilizarov apparatus (Group 1) or cannulated screws (Group 2) were used to create compression at the ankle joint. The Ilizarov apparatus for ankle arthrodesis consisted of a proximal ring fixed to the tibia and fibula with 3 Kirschner wires, a distal ring fixed to the tibia and fibula with 2 Kirschner wires, and a U-shaped foot ring fixed to the calcaneus with 2 Kirschner olive wires and fixed to the distal part of the metatarsal bones with 1 Kirschner olive wire. All patients in Groups 1 and 2 were operated on by 3 surgeons. Patients from Group 1 (Ilizarov stabilization) started weight bearing on postoperative day 1. The minimum time of wearing the Ilizarov fixator was 9 weeks. After the Ilizarov fixator was removed, patients transitioned to a walker boot for a minimum of 6 weeks. Postoperatively, patients from Group 2 remained non-weight bearing for a minimum of 6 weeks in a cast, followed by protected progressive weight bearing in a controlled ankle motion walker (CAM walker) for the next 6 weeks. Usually, by 3 months patients had made a transition to wearing normal shoes. 22 The patients' sports and physical activity levels were assessed using the GRIMBY scale, the LOWER LIMB Activity scale, the UCLA activity scale, the VAS ACTIVITY scale, and the FAAM SPORT scale. 20, [23] [24] [25] [26] Mean preoperative and postoperative scores have been calculated.
To verify whether the average value of the variables varied significantly, the Mann-Whitney U test and Student's t-test were used. To analyze the significance of differences between the mean values of data variables in Groups 1 and 2, we used the Mann-Whitney U test and Student's t-test. Where the use of test data required fulfillment of assumptions about normality, the Shapiro-Wilk test and Kolmogorov-Smirnov test were used to verify the hypothesis of normality. All analyses were carried out at an assumed significance level of α = 0.05 using STATISTICA v. 10.0 software (StatSoft Inc., Tulsa, USA).
Results
There was no statistically significant difference in the demographic data for patients in Groups 1 and 2 ( Table 1) .
Frontal plane alignment of the ankle joint was observed in 100% of the patients from the Ilizarov group and in 75.8% from the internal fixation group. The sagittal plane alignment rates were 100% in Group 1 and 84.8% in Group 2. Ankle fusion was achieved in 100% of the patients in Group 1 and in 87.9% in Group 2.
In the group with Ilizarov fixation (Group 1), the average rate of complications was 0.62 complications per patient. In the group with internal stabilization, there were 0.58 complications per patient. In Group 1, 90.5% of the patients were very satisfied or satisfied with the treatment. In the group with internal fixation with cannulated screws (Group 2), 88.5% of the patients were very satisfied or satisfied with the treatment.
In Group 1, the median activity score on the GRIMBY scale before treatment was 3. The median GRIMBY scale score after treatment increased to 4.5 and these values were statistically different (p = 0.041). In the group with internal stabilization, the median value of GRIMBY activity level before treatment was 3. The median GRIMBY scale score after treatment was 4.5. These values were statistically different (p = 0.045) ( Table 1) . In Group 1, the median value of the LOWER LIMB Activity scale score before treatment was 9.5. The median LOWER LIMB Activity scale score after treatment was 12. These values were not statistically different (p = 0.13). In the group with internal stabilization, the median score on the LOWER LIMB Activity scale before treatment was 9.5. The median LOWER LIMB Activity scale score after treatment was 12 ( Table 1) . These values were not statistically different (p = 0.16).
In Group 1, the median score on the UCLA activity scale before treatment was 5. The median UCLA activity scale score after treatment was 7. These values were statistically different (p = 0.041). In the group with internal stabilization, the median score on the UCLA activity scale before treatment was 5. The median UCLA activity scale score after treatment was 6 ( Table 1) . These values were statistically different (p = 0.047). The UCLA activity scale values after treatment for Group 1 were significant higher than for Group 2 (p = 0.033).
In Group 1, the median score on the VAS ACTIVITY scale before treatment was 5. The median VAS ACTIVITY scale score after treatment was 7. These values were statistically different (p = 0.039). In the group with internal stabilization, the median score on the VAS ACTIVITY scale before treatment was 5. The median VAS ACTIVITY scale score after treatment increased to 5.5 (Table 1) . These values were not statistically different (p = 0.34). After treatment, the group with Ilizarov stabilization (Group 1) had significantly higher VAS ACTIVITY scale scores (Table 1 ) (p = 0.043).
The FAAM functional outcome was significantly higher in the group with Ilizarov stabilization (Table 1 ) (p = 0.041).
Discussion
The method for ankle joint arthrodesis should allow for the practice of sports and physical activity after treatment at the highest possible level.
To the best of our knowledge, none of the previous studies analyzed sports and physical activity levels after ankle arthrodesis regarding the fixation method used. MacMahon et al. analyzed sports and physical activity levels in 38 patients who had undergone primary partial arthrodesis for a Lisfranc injury. 4 Preoperatively, 47.1% engaged in high-impact sports, and postoperatively, 44.8% did. Compared to the preoperative levels, the difficulty was the same in 66% and had increased in 34% of physical activities. Participation levels improved in 11%, remained the same in 64% and were impaired in 25% of physical activities. The decrease in participation or increase in difficulty of some activities suggests that some patients experienced postoperative limitations in exercise. 4 As far as we know, none of the previous studies compared GRIMBY scale scores in patients subjected to ankle arthrodesis with external and internal fixation. Morasiewicz et al. analyzed sports and physical activity levels in 56 patients after derotational osteotomy with the Ilizarov method; the mean level of activity on the GRIMBY scale after treatment was 4.2.
3 Their findings are similar to those obtained in our present study. The mean GRIMBY scale scores after treatment increased statistically significantly in both groups.
None of the previous studies compared the values of the LOWER LIMB Activity scale score in patients after ankle arthrodesis with external and internal fixation. The mean value of the LOWER LIMB Activity scale in patients examined by Morasiewicz et al. was 11.84. 3 Their findings are similar to those obtained in the present study. In our study, patients from both groups presented with similar pre-and post-treatment values of the LOWER LIMB Activity scale score. The post-treatment values of the LOWER LIMB Activity scale score are higher than pretreatment values, but not statistically significantly.
None of the previous studies compared the values of the UCLA activity scale score in patients with external and internal fixation of ankle arthrodesis. Schuh et al. used this scale to examine 21 patients after ankle arthrodesis; the mean postoperative UCLA activity scale score in this group was 7.0. 5 According to Morasiewicz et al., the mean post-treatment UCLA activity scale score in 56 patients subjected to derotational osteotomy with the Ilizarov method was 6.18.
3 Their findings are similar to those obtained in our present study. Irrespective of fixation type, we did not observe statistically significant differences between preoperative UCLA activity scale scores. The posttreatment values of the UCLA activity scale score are higher than the pretreatment values in both groups. The average score on the UCLA activity scale after treatment was significant higher for the Ilizarov group than for the internal fixation group.
To the best of our knowledge, none of the previous studies compared the values of the VAS ACTIVITY scale in individuals with ankle arthrodesis with external and internal fixation. In the study conducted by Morasiewicz et al., mean VAS ACTIVITY scale score after treatment was 5.98, i.e., similar to our present study. 3 We observed a significant postoperative increase in the VAS ACTIVITY scale scores of patients with Ilizarov fixation; the post-treatment scores in this group turned out to be significantly better than in subjects with internal fixation of ankle arthrodesis.
As far as we know, the results of the FAAM SPORT scale in patients with external and internal fixation of ankle arthrodesis have not been thus far subjected to a comparative analysis. According to Dalat et al., the mean postoperative FAAM SPORT scale score for a group of 46 patients after ankle arthrodesis with internal fixation was 29.8; this value was slightly lower than the one we found in our subjects. 2 In our present study, individuals with Ilizarov fixation presented with better FAAM SPORT scale scores than those subjected to internal fixation.
Patients with Ilizarov fixation had better FAAM SPORT scale scores, UCLA activity scale scores and VAS ACTIV-ITY scale scores after treatment than those after internal fixation. Ilzarov fixation exerts lesser impact on musculoskeletal biomechanics than in the case of internal fixation. Also, the possibility of fully loading the treated limb soon after fixation with the Ilizarov apparatus seems to be more beneficial than completely sparing the extremity after internal stabilization. The better sports and physical activity results of arthrodesis with external fixation can be related to better frontal and sagittal plane alignment of the ankle joint and higher ankle fusion rate. However, irrespective of the study group, the sports and physical activity level scores of our patients were close to those reported by other researchers. 2, 5 According to some authors, the sports and physical activity level outcomes of ankle arthrodesis are mediocre. 2, 4, 5 In a study conducted by Chahal et al., the mean functional scores of patients subjected to ankle arthrodesis with internal fixation were below the reference values for the American population. 1 In a study conducted by Dalat et al., the overall mean athletic level after the surgery was relatively low compared to the state prior to the injury. 2 After ankle arthrodesis, the number of patients participating in sports decreased. 5 McKee et al. noticed that 64% of patients with post-traumatic deformity correction with the Ilizarov method could return to physical activity, but at a reduced level; this study did not provide a detailed description of the types of activity. 3, 27 In general, patients who had ankle joint arthrodesis can expect worse sports and physical activity levels than the general population. 4 This would indicate that they experience pain and a higher level of disability than the general population. Improper function of the lower limbs limits and even prevents participation in sports and physical activity. Worse limb function may result from instability and limitation of movement of the joints, from pain, reduced muscle strength, connective tissue scars, and increased body weight. 3 We noticed an improvement in the sports and physical activity levels of patients from both groups. The lack of a very significant improvement in sports and physical activity levels might reflect a post-arthrodesis disruption of lower extremity biomechanics. Significant asymmetry in gait and a reduced range of motion remained after ankle joint arthrodesis compared to normal. 28 One potential limitation of our present study may stem from the fact that the FAAM SPORT scale scores were determined solely postoperatively. However, the values of all other activity scales were determined both before and after treatment. The patients in both groups were operated on by 3 different surgeons, but following the same protocol. The strong points of this study are the homogeneity of the techniques and surgical recovery in both groups.
Importantly, none of the previous studies compared the sports and physical activity levels after ankle arthrodesis with 5 different activity scales.
This study was not randomized. Both groups were similar in age, etiology, gender, and follow-up time. Ilizarov arthrodesis was predominant in patients with a poor status of soft tissues and bones, severe deformities and infection. These factors, which we used as criteria for Ilizarov external fixator stabilization, could have impacted the final results. Theoretically, patients in Group 1 had more negative influences on sports and physical activity levels before surgery. Thus, postoperative sports and physical activity levels should have improved more in Group 1 than in Group 2. Ankle arthrodesis with internal fixation was performed in patients with a good status of soft tissues and bones, with deformities <5°, and without concomitant diseases or infection. Supposedly, patients in Group 2 had fewer adverse factors for sports and physical activity. Treatment with cannulated screws was less stressful. Theoretically, sports and physical activity levels after arthrodesis with cannulated screws may be less improved than Group 1.
In this paper, we compared only sports and physical activity after ankle arthrodesis with Ilizarov fixation and internal fixation; as in our other published works, we evaluated the radiological outcomes and clinical outcomes in patients after ankle arthrodesis with Ilizarov fixation and internal fixation. 22 Ankle arthrodesis with Ilizarov fixation and internal stabilization resulted in normalization of lower limb loads. Balance after ankle arthrodesis with Ilizarov fixation is worse than with internal stabilization ankle arthrodesis.
Ilizarov fixation of ankle arthrodesis is associated with better FAAM SPORT scale scores, UCLA activity scale scores and VAS ACTIVITY scale scores after treatment than after internal fixation. The scores of the GRIMBY scale and the UCLA activity scale after treatment were significantly higher than before treatment in both groups.
In this study, ankle fusion with Ilizarov fixation and internal fixation was found to be effective in the treatment of ankle arthritis. Sports and physical activity levels were satisfactory in both groups, but the outcomes after fixation with the Ilizarov apparatus are better than after internal stabilization.
